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Designing urban facades is considered as a major factor influencing issues 
such as natural ventilation of buildings and urban areas, radiations in the 
urban canyon for designing low-energy buildings, cooling demand for 
buildings in urban area, and thermal comfort in urban streets. However, so 
far, most studies on urban topics have been focused on flat facades 
without details of urban layouts. Hence, the effect of urban facades with 
details such as the balcony and corbelling on thermal comfort conditions 
and air flow behavior are discussed in this literature review. Aim: This 
study was carried out to investigate the effective factors of urban facades, 
including the effects of building configuration, geometry and urban 
canyon’s orientation. Methodology and Results: According to the results, 
the air flow behavior is affected by a wide range of factors such as wind 
conditions, urban geometry and wind direction. Urban façade geometry 
can change outdoor air flow pattern, thermal comfort and solar access. 
Conclusion, significance and impact study: In particular, the geometry of 
the facade, such as indentation and protrusion, has a significant effect on 
the air flow and thermal behavior in urban facades and can enhance 
outdoor comfort conditions. Also, Alternation in façade geometry can 
affect pedestrians' comfort and buildings energy demands. 
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Research in urban climatology includes topics such as radiant temperature, air flow, air vapor 
pressure and urban structure (Taleghani et al., 2015). For this reason, weather conditions in 
urban areas are different from rural areas (Sheng et al., 2017). Designing streets and urban 
facades, as the simplest geometry of urban environments, is a key issue in urban design, 
because streets are interference of architectural and urban scale (Ali-Toudert and Mayer, 
2006). A number of studies have focused on mitigation technologies to enhance outdoor 
comfort condition (Santamouris et al., 2012) and Facades are considered as critical areas of 
urban structure in reflection of solar radiation (Vermeulen, 2015), heat transfer and air flow 
within urban canyons (Nazarian, and Kleissl, 2016). There is a strong relationship between urban 
design factors and outdoor comfort conditions such as wind flow, ventilation and mitigation of 
UHI (Urban Heating Island) (Kim and Baik, 2005). Also surface energy balance is influenced by 
the surface features (Taleghani, 2019). Energy consumption in urban settings has been 
investigated through three main categories, including operational energy (heating or cooling), 
embodied energy (material or construction) and transportation (Ji et al., 2007) that operational 
energy has the largest percentage (Koezjakov et al., 2018). This category is related to façade 
characteristics and can increase energy consumption around 20% (Sanaieian et al., 2014). On 
the other hand, thermal comfort is accompanied by different environmental factors namely air 
temperature and wind speed (Kleerekoper et al., 2017). Studies conducted in this field often 
include urban canyon with flat facades and green walls. Also as a research gap, the effect of 
urban façade geometry on outdoor comfort conditions were not considered. Therefore, this 
study aims to investigate this issue. 
 
2. RESEARCH METHODOLOGY 
 
This review reports the results of research on the geometrical factors influencing outdoor wind, 
thermal comfort and solar access. Studies conducted on the basis of subjective material and 
green features are excluded in this review. Furthermore, a few studies examined the influence 
of urban façade geometry directly and indirectly. Thus, this review tends to extract related 
matters from different research merely in this field. The first part of the paper reports the 
studies on the effects of urban façade geometry on the air flow behavior. The second part 
presents the results of urban façade geometry effect on outdoor thermal comfort. The effect of 
DOI : 10.25105/urbanenvirotech.v4i1.7151   
Urban Façade Geometry on Outdoor Comfort Condition : A Review 
Mirabi, Nasrollahi 
p-ISSN 2579-9150; e-ISSN 2579-9207, Volume 4, Number 1, page 45-59, October 2020 
Accredited SINTA 2 by Ministry of Research, Technology, and                                        
Higher Education of The Republic of Indonesia No. 23/E/KPT/2019 on August 8th, 2019 from                       
October 1st, 2018 to September 30th, 2023 
 
47 
urban façade geometry on solar access is explained in the third part. Finally, the most important 
geometrical factor of urban façade is presented in the fourth part of the paper. 
 
3. RESULTS AND DISCUSSION 
 
3.1 The Effect of Urban Facades on Air Flow Behavior 
 
The wind flow patterns around the buildings affect characteristics of flows around blocks (Mittal 
et al., 2019). An urban canyon is a place where the street is flanked by facades on both sides (Li 
et al., 2012). The urban canyons are expressed by height (H), width (W) and length (L). In 
shallow and deep canyons W/H=0.5 and 2 respectively. A short canyon is expressed by L/H = 3, 
moderate L/H = 5 and high L/H = 7 where L is the length of a canyon. Air flow hits the urban 
facades in three ways: perpendicular, parallel and oblique. For perpendicular approach wind, 
the flow fields will not interact, if the distance between facades is too high and the height is 
relatively low, so that (Figure 1a), will result in "isolated roughness flow" (Ahmad et al., 2005) 
(Figure 1). If the height and distance of the facades are small, vortexes interfere and 
consequently, the flow pattern will change (Figure 1b) and in larger H/W, there is vortex inside 
the urban canyon and most of the flow does not enter into the urban canyon and vertexes are 




Figure 1 Types of air flow perpendicular to urban canyons for different ratios (Oke, 1988) 
 
The direction of the vortexes near the ground and the direction of the wind outside the 
urban canyon are opposite to each other (Offerle et al., 2007). In short canyons, middle 
vortexes near the gaps between facades create a convergence area in the middle of the canyon 
(Niachou et al., 2008). An unstable vortex is generated in open areas, increasing constantly in 
the upward direction, while the facades generate stable vortex that suppress street ventilation 
(Meroney et al., 1996). The parallel wind flow is along the axis of the urban canyon, which 
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increases the height of the wind while the friction of the urban facades delays the wind flow (He 
et al., 2019). The number of rotary vortexes in the deep and shallow canyons is generally 
dependent on the canyon ratio (H/W) (Hall et al., 2010). As the wind flow enters the canyon, 
the longitudinal velocity increases along the canyon, while this value decreases as passing near 
the facades (Dobre et al., 2005). The pressure drops slightly and drives the air above the urban 
canyon, leading to the air momentum exchanges (Hall et al., 2010). In oblique approach wind, 
the flow is a combination of rotational and longitudinal flows and both flows change linearly 
(Ahmad et al., 2005). Distribution of temperature and air circulation affect the heat transfer 
between facades and urban canyon air and consequently pedestrian's comfort (de Lieto Vollaro 
et al., 2014). When the surface temperature is high and wind speed is low, the flow fields in the 
urban canyon are significantly affected by buoyancy (Allegrini et al., 2013). When a windward 
façade is heated, the buoyancy force forms a hot cortex near the warmest façade (de Lieto 
Vollaro et al., 2014). With the heating of the facades, a strong buoyancy force is created near 
them which are influenced by H/W (Xie et al., 2007). Protrusive or reentrant geometrical 
elements on facades affect wind velocity-related comfort in urban canyons. Indentation on 
urban facades can increase wind velocity (Yang et al., 2013) and mitigate nocturnal heat island 
(Yuan and Chen, 2011).  
 
3.2 The Impact of Urban Facades on Thermal Comfort 
 
Urban canyons are designed with special features to overcome the stressful climatic conditions. 
Some streets are constructed with asymmetric vertical facades to build climate-responsive 
urban canyons (Kristl and Krainer, 2001). Take Corridors or solar shading on the façades for 
example which not only can protect the pedestrians (Carl, 2019) but hinder environmental 
phenomenon such as urban heating island (Farrell et al., 2015). Urban canyons with different 
ratios and orientations were simulated and the results showed that with urban facades-related 
passive methods, the average air temperature decreases and solar shading on the facades is the 
most decisive strategy to reduce the intensity of heat, see Figure 2 (Ali-Toudert and Mayer, 
2007). 
By designing asymmetrical facades, shading, suitable orientation and urban canyon ratio, 
comfort hours in streets can be increased (Bourbia and Awbi, 2004) and one of the influential 
factors in this field is urban façade geometry (Jamei et al. 2016). Façade geometry can increase 
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or decrease heat losses (Ratti et al. 2005) or impact thermal comfort (Okeil, 2010). Because 
sometimes shading on urban facades and providing cooler urban surfaces is more efficient than 




Figure 2 Urban facade geometry effect on outdoor thermal comfort (Ali-Toudert and Mayer, 2007) 
 
3.3 The Effect of Urban Facades on Solar Access 
 
There are various effective factors on solar access in urban canyons, including urban density, 
canyon’s aspect ratio and orientation and façade geometry (Thorsson et al., 2014). In many 
studies, the importance of façade geometry is shown using numerical models in the radiation 
exchange of a deep and shallow canyon. All methods show that for canyons with equal-height 
facades, the reflection of a curved surface is less than a flat plate with similar materials (Deng et 
al., 2020). Orientation of canyons, distance between facades and obstructed sky view, can 
affect significantly on solar access (Santamouris, 2013a). Moreover, the amount of solar access 
increases by minimizing total reflection from facades, because the absorption of geometric 
compounds can be less than a flat surface (Deng et al. 2020). The asymmetry of daylight 
distribution in the canyons is different between surfaces with high and low light 
intensity (Figure 3a). While the light distribution at the bottom surface is relatively similar to the 
cloudy sky, it is slightly asymmetrical due to direct light at low angles during the day, see Figure 
3b (Strømann-Andersen and Sattrup, 2011). With proper façades geometry, the reflected light 
reaches a reasonable daylight level of 50%, even at the width of 10 m, H/W = 1.5, see Figure 3c 
(Ahmad et al., 2005).  
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Figure 3 a) Average daily sunlight, b) light intensity > 10,000 LX, c) light intensity> 200 LX 
(Strømann-Andersen and Sattrup, 2011) 
 
Distribution of radiation curves is affected by the sun's angle, direct radiation and reflection 
of facades. In the canyon with low-reflectivity facades, 80% of daylight curve by facades is 
identical and solar access is dependent on the sky view (Strømann-Andersen and Sattrup, 2011). 
Facades are the most important obstacles to limit rays and sky view factor (SVF) (Correa et al., 
2012), determinant factor to absorb and emit solar radiation, and change buoyancy rate and air 
flow (Yang et al., 2013). Changing SVF increases or reduces outdoor air temperature and wind 
velocity (Charalampopoulos et al., 2013). Lower-SVF canyons accompanied by higher green 
features are more effective to improve comfort conditions (Hamdi and Schayes, 2008). Urban 
façade geometry is the most important in this field, as facades are the most suitable for solar 
panels or other technologies to generate solar energy (Kämpf et al., 2010). Urban facades 
include most of the vertical urban surfaces and have considerable solar potential in order to 
design and develop urban areas (Kanters and Wall, 2016). Figure 4 is an outline about the role 
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Figure 4 The effects of urban façade geometry on air flow, thermal comfort and solar access 
 
3.4 The Most Important and Effective Factor of Urban Facades: Balconies  
 
Different elements such as balconies or roughness of facades have a significant effect on the 
wind pressure on facades and reduce wall loads (Stathopoulos and Zhu, 1988). Some estimates 
have been made for predicting the distribution of mean wind pressure over the windward and 
other surfaces with or without balcony (Montazeri and Blocken, 2013) and as a result, this 
element can change the spectrum of the longitudinal turbulence intensity and pressure 
coefficient on facades (Blocken et al., 2008), see Figure 5.  
 
 
Figure 5 Speed vectors near a facade (a) with balcony, (b) without a balcony  
(Montazeri and Blocken, 2013) 
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Balcony is perceived as a multifunctional element, good option for building (parallel tubes 
or multi crystalline cells to collect solar energy) (Munari Probst et al., 2013) and urban 
environment (shading on facades and increasing outdoor thermal comfort). Balconies have a 
great potential namely movable awning and pilotis floor (Theodoridou, 2012). Balconies' 
shading effects can save energy significantly or produce the solar energy because they are PV 
potential elements (Chan and Chow, 2010, Kanters and Wall, 2016) and can positively affect the 
external air flow by creating perturbation and optimising natural ventilation (Omrani et al., 
2017). They can significantly affect the air quality in the street canyons, changing the mass 
transfer to the above atmosphere, leading to the alteration of pollutant concentration in the 
canyons (Murena and Mele, 2016). Therefore, balcony can be considered as a vital component 
within the urban canyons, worthy to be better investigated.  
  
4. CONCLUSION  
 
This paper reviewed the impact of urban façade geometry on the urban microclimate in three 
main subjects: The effect of urban façade geometry on 1) outdoor air flow, 2) outdoor thermal 
comfort and 3) outdoor solar access. Furthermore, the most effective geometrical element of 
urban facades, balconies, was discussed. The results from this paper are as follows: 
 Urban façade geometry can change outdoor air flow pattern, thermal comfort and solar 
access. 
 Distribution of temperature, air circulation and heat transfer between facades are 
influenced by façade geometry. 
 The buoyancy of facades is influenced by geometrical characteristics. 
 Urban façade geometry can impact urban heating island and pollution intensity. 
 Protrusive and reentrant facades can affect outdoor thermal comfort condition over a year. 
 Shading on urban facades is the most important passive strategy to provide outdoor comfort 
condition. 
 Urban façade geometry such as protrusive and reentrant facades increases or decreases SVF 
indicating outdoor comfort conditions. 
 Urban façade geometry is potential to access solar energy. 
 The most important geometrical passive element of urban facades is balcony. 
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Accordingly, design of optimal facades with energy approach can respond the issues arising 
from air flow and radiation patterns in urban canyons. Considering the effect of façade 
geometry (namely balconies) on the air flow behavior and access to solar radiation, the future 
studies should focus on this area. The optimal design of urban facades, the effect of the optimal 
design of balconies in the thoroughfares or their geometry, the dimensions and optimal position 
on pollution dispersion or UHI should be studied in future. 
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